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Р.Г.БАДАЛЯН

О ФУНКЦИЯХ ФРА1ТШТАЦИИ КВАРКА В АДРОН

Рассматривается статистический подход к вопросу фрагмента-

дии кварк-глюонных систем. Определены функции фрагментации мно-

гочастичной кварк-глвонной системы с квантовыми числами кварка

в адроны. Приводится сравнение предсказаний модели с экспери-

ментальными данными по отношению выходов 3t
+
/3t~- мезонов в глу-

^око-неупругом рассеянии нейтрино (антинейтрино) на нуклоне.
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In order to define Inclusive spectra of hadrons 1n deep-Inelastic lepton-
з •

hadron collisions, spectra of hadrons with high transverse momenta P
T
 1n

hadron-hadron Interactions as well as hadron distribution 1n e
+
e" -annihila-

tion, usually there are Introduced fragmentation functions Do (*) of

quark (J, to hadron h [1,2] , where X Is a ratio of longitudinal

(relative to Momentum direction of Initial quark Q ) momentum of h had-

ron to momentum of ft quark. Various phmomenoiogical fragmentation models

[3-s] also operate by quark (diquark)-to-hadron fragmentation functions In

order to describe Inclusive spectra of secondary hadrons with low P
T
 In

hadron-hadron collisions.

In the mentioned processes with high momentum transfers at the process

Initial stage, there occurs a "knock-out" of the quark (antiquark) with

large effective mass from the hadron and takes place radiation of hard

gluons
 a
and quark-antiquark pairs. This stage can be described quantitatively

within the theoretico-perturbative quantum chrojuodynamics (QCO). According

to the modern representations, the knocked-out quark Is assumed to lose Its

momentum (high virtuaiity) via the emission of gluons which 1n turn may

transform Into quark-antiquark pairs. The Initial stage of such transforma-

tion of quark Into quark-gluonic system can be described 1n the framework of



evolutionary equations of AltarelH-PaHsi [ 2 , 6-9 J , since at the Init ial

stage the quark-gluon Interaction constant 1s s t i l l small due to the quark

high virtuality. With decreasing quark and giuon virtuality the quark-gluon

Interaction constant Increases, hence the problem ceases to be theoretico-

perturbative already. A second stage the present work 1s devoted to, namely

the fragmentation of the produced compound quark-gluonic system to hadrons,

1s a "soft" process. The determination of the function of soft fragmentation

of such a system (possessing the tt quark с antum numbers) to hadrons Is

essentially not a theoreticc-perturbative problem and Its solution within

QCD 1s somewhat complicated due to quark and gluon confinement effects.

However, due to strong coupling between quarks and gluons, one may expect

that a statistical equilibrium takes place 1n quark-gluonic system. In the

light of the *bove-sa1d, the application of the statistical consideration

to the question of soft fragmentation of quark (of quark-gluonic system the

quark transforms to) to hadrons seems reasonable, since the mentioned prob-

lem Is essentially multi-particle.

In the Infinite momentum frame the quark-gluonic system So to which

the Q, quark transforms owing to QCD evolution, 1s characterized by Its

"valent" composition (by the type of Q quark) and distribution functions

of "valent" or "leading" quark and sea partons (quark-antiquark oalrs and

gluons). The number of sea partons in the So system is not fixed and may

vary from zero to infinity *'. The produced quark-gluonic system S a has

many features common to the compound one (valon) In hadron [9,10] - the .

presence of leading (valent) quark and statistically distributed sea Daгtons.

* ) Energy restrictions to the number of sea partons- are not considered,

since the mean transverse mass of parton ju « p , where p 1s a

momentum of the Init ial quark



Therefore, to describe such a system, one presumably can apply the analogy to

the Kut1-We1sskopf model [ll] . The distribution density of (I + N s )-narton

configuration of the S o system ( N s 1s the number of sea partons In the

considered configuration) Is determined by the expression [lO.ll] :

Na

The quark-gluonic system So, with the ^ quark quantum numbers 1s defined

as a sum of all possible (1 + N 5 )-parton configurations:

In expressions (1) and (2), X 1s the Feynmn variable (portion of parton

momentum relative to momentum of Initial quark Q, ),ct=U,ct,S,..., u,d,s,...,G

denotes a sort of sea parton, N a 1s the number of partons of sort of ct ,

N e = Z2 N a , H 1s statistical wright (normalization factor). * *

Vo(x) and S a ( x ) are so-called Input or noncorreiated distribution func- I

tions respectively for leading (vaient) quark and sea partons (the distribu- \
t

t*on functions without account of the longitudinal momentum conservation '
*

law). In the general case, these functions have the form as follows [10-12] : \

(3 >0 (*)

4

(3b)

Here Xr-fJt/p , where J" Is effective (mean) transverse mass.of par-

ton, p Is momentum of Initial quark <} { P & }* ) . Parameters fl , g a

and the form of functions Gl<j,(X) , Pa (x) can be defined from the
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comparison С12] of results obtained for the distribution of leading quark

and sea partons, or quark-to-hadron fragmentation function with experimental

data available. To simplify the formulae and to obtain qualitative estimates,

we shall assume G<j,(x). 1 and P
a
(x) - 1 by analogy with Ref.[ll] .

With respect to expressions (l)-(3), for the distribution of leading

quark Q, and sea partons of quark-hadronic system S o we find [10-12] :

(4b)

where B ( X , y ) 1s the Euler beta function, "£ =• | I §q, • Parameters-A

and Qa Indicate 1n what proportion the longitudinal momentum of Initial

quark CJ, is shared between the leading quark cj, (the mean momentum of

leading quark a Is -Ха
 =
 Д / ( # "*" A ) ) and sea partons (the mean

momentum of sea parton a 1s X
a
 = %

a
 / ( у + A ) ).

Turn now to the consideration of hadropreduction 1n the fragmentation

region of Initial quark 0, . To be concrete, let us consider the process

of fragmentation of Initial 'U -quark to ЗГ -meson. Isolate 1n the quark-

gluonic system S
u
 Into which transforms the Initial U -quark a sub-

state which contains the leading U -quark, the sea ct -quark and arbit-

rary number of sea partons "belonging" to the considered substate with a oro-

babiHty W . The hadron, In this case the St -meson, Is produced via

recombination of all the partons belonging to the considered imiTtiparton sub-

state. By analogy with Ref.[13] , we assume that the recombination stage 1s

preceded by a formation of constituent objects - valons (1n this case, U -

and D -valons which just recombine to the final ЗГ -meson) via statis-

tical grouping [10] of partons Inside the multiparton substate considered.

Here the probabilities for *ь« sea parton of the considered wuHioarton



substate to belong to U - or J) -valon are W , and W
2
 , res-

pectively { W = W , + W
a
 ). it 1$ assumed, just as In Ref.[l2] , that at

formation of the valon not containing the leading (valwit) quark the value

of W
2
 Is zero. At formation of U -valon, which contains the leading

(valent) U -quark, the value of W s
 s
 W may differ from zero. Then

the density of probability that U - and D -valons carry respectively

X f / X and X
2 /
/X portions of total momentum X (X = X

t
 +• Хг)

of the Isolated multiparton substate Is determined by the expression [10,12]:

The function of fragmentation of Initial • U -quark to 3t
+
-neson, for the

case when 1n formation of the latter participates the leading u -quark,

can be determined as follows:

The recombination function R (y
t
> Уг) [14] defines the probability of [

If we take Into account that the Л -mesons 1n the fragmentation region of

the Initial U -quark can be produced also on the sea (nonieading) U -

quarks, then for the total U - * » Я
+
 fragmentation function we find:

recombination of U - and D -valonr. with momenta Xi and X
t
 , \

respectively, to the final SC -meson with a longitudinal momentum X
 a
 !

= X
t
 + X

t
( y

l ( 2
 = X|',t/X) .The function R ^ y t , ! ^ ^ ) <« defined

by analogy with Ref.[l4j , via the expression [13J : |



чЬеге

Su %*V-X)
n
'
U
 (*t

The second term In expression (8). defines also the fragmentation function of

Initial U -quark to ft -meson (not containing the leading u -quark):

''sing expressions (8) and (10), for the fragmentation function of Initial
+.

U -quark to 31 -mesons we find;

u

As was mentioned, the quark-gluonic system Su > to which tne Initial U -

quark transforms due to evolution, has many features common to U -vaion 1n

the proton [9,10,12] . If we make use of this analogy, we can determine the

values of parameters: £tt - 0.5, W - 0 and g u = §a » gd = 9<t ~

— }f/2СNr + 1) , where N.j 1s the number of types of Quarks. Then,

for the ratio f[(X) = P
u
 ( X ) / D

u
 (̂ <; we find:



where

Г(Х) 1s the Euler gamma function. The values of the factor Я ( У ; $

for N f « 2 ( U -, d -quarks), N j - 3 ( u ., cl -. S -quarks) as

well as various values of f ( 1 < £ < 3 . 5 ) are listed 1n the Table.

The Figure presents a comparison of rj(x) function for Я ( У , Nf )-l.5

with experimental data on deep-Inelastic neutrino (antineutrino) production

of SC" -mesons.

.1 .3 .5 7 .9 x

The ratio of Inclusive production, Я У St~(X"У Я*) ,

1n deep-Inelastic Interaction of neutrino (antineutrino) with

the proton. Experimental points are taken from Ref.[l3 . The

curve corresponds to Я ( У', N j ) • 1.5.



Table

X

1.0

1.5

2.0

2.5

3.0

3.5

Щ • 2

2.000

1.698

1.500

1.358

1.250

1.164

N j - 3

2.667

2.264

2.000

1.811

1.667

1.552
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